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Abstract 
The numbers of the traffic accidents related to human factors are increasing rapidly. Among all contributing factors 
to the accident, fatigue and sleepiness on wheel are the most common reasons. Both conditions decrease drivers’ 
alertness, resulting in performance decrement and accident risk increment. The alertness degradation is usually not 
well recognized by the drivers. Peppermint fragrance is commonly known on its freshness as medicine or 
aromatherapy. This research was conducted to examine the effectiveness of peppermint as a car freshener in order to 
maintain drivers’ alertness level. A within-subject design experiment was carried out in a car-driving simulator 
laboratory engaging twelve male participants. There were two driving conditions: with placebo and with peppermint 
fragrance. Placebo and peppermint fragrance was released continuously using an electric vaporizer. The participants’ 
alertness level was monitored via brainwave activities using electroencephalograph (EEG) along 30 minutes of 
driving. Frequency analysis on EEG data was conducted to determine the alpha, theta, and beta power band on F3 and 
F4 of lobus frontal to generate the (α+θ)/β ratio. Results of this study demonstrated that the application of the 
peppermint car freshener resulted in lower slope of (α+θ)/β ratio rather than placebo condition (0.018 vs. 0.026), 
though the difference was not significant (p = 0.216). The results suggest that the peppermint is promising to be 
applied as in-vehicle fragrance in order to maintain drivers’ alertness. Further research can be conducted to test various 
method of fragrance exposure to get more substantial increase of alertness level. 
 
© 2015 The Authors. Published by Elsevier B.V. 
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2015). 
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1. Introduction 
In recent years, traffic accidents have become the third largest killer in Indonesia, after coronary heart disease 
and tuberculosis, as published by [1]. As many as 67% of traffic accident victims are in the productive age, i.e. 
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22-50 years. There are about 400,000 victims under the age of 25 years who died on the highway, with an average 
mortality of 1,000 people every day. Traffic accidents are also the leading cause of death of people aging between 
10 to 24 years old in the world. In Indonesia, statistical data recorded 2,246 accidents per 100,000 populations.  
The prevalence of the accident is significantly higher than that of Japan, which only 4 accidents per 100,000 
populations. The high number of traffic accidents is indeed worrying. 
A study by [2] suggests that there are three factors that cause traffic accidents, i.e. road, human (road users), 
and vehicles. According to [3], human factor is the main factor of traffic accidents. The causes include sleepiness, 
fatigue, breaking the speed limit, not keeping distance, alcohol or drugs, illness, cell phone or electronic device 
usage, etc. Among these conditions, sleepiness and fatigue are the most common and unique factors [3]. Both 
arise from human activities which incompatible with the biological rhythm of the human body. Disruption on 
circadian rhythms can lead to short-term disturbances such as sleepiness at inappropriate times and long-term 
health problems such as depression, as stated by [4]. There is a need for technological intervention in maintaining 
drivers’ alertness level. 
There are some active and passive stimuli which are considered to be able to maintain the driver's alertness. 
Active stimulus requires awareness of the driver to do so, such as drinking coffee, smoking, chewing, doing sports, 
and singing [5]. Unfortunately, these active stimuli are known to be less effective to countermeasure sleepiness, 
as mentioned by [6] suggesting that humans have incapacity to detect or predict their sleepiness status. Therefore, 
passive stimuli seem to be more advisable to maintain vigilance, by manipulating the environment inside the 
cabin. Light, alarm, music, air, caffeine, candy, and fragrance are example of passive st imuli. Studies found that 
cold air and radio were only effective to countermeasure sleepiness in short period of time [7], whilst caffeine and 
napping could act longer [8]. 
Among the passive methods, aroma exposure showed good results in maintaining alertness in comparison with 
light and alarm [5]. Furthermore, peppermint scent were proven to significantly increase alertness in activities 
that require continuous attention [9], on athletic performance [10], while administered on cognitive tests [11] [12], 
or to prevent drowsiness [13]. Nonetheless, the empirical evidence of the peppermint aroma effectiveness in 
maintaining drivers’ alertness was not conclusively known. Therefore, this research was conducted to examine 
the effectiveness of the peppermint as a car freshener to maintain drivers’ alertness. 
 
2. Method 
To test the effectiveness of the peppermint, a study was conducted in laboratory experiments, using a car-driving 
simulator of the Laboratory for Work System Design and Ergonomics, ITB. A laboratory experiment was chosen as 
the test method since the participants can still be given intervention during driving and do not pose a risk of traffic 
accidents, as when experiments are done in the field (highway).  
2.1. Participants 
Twelve male participants with a minimum of one year driving experience were voluntarily involved as participants. 
They were all healthy men, with no experience in any traffic accident related to sleepiness. All of them are students 
of Institut Teknologi Bandung. 
2.2. Apparatus 
Electronic vaporizer aroma, as shown by Fig. 1, was used to emit continuous fragrance during driving, either in 
peppermint exposure or non-fragrance situation. Peppermint oil utilized in this study was contained 30.70% of L-
Menthol, 27.08% of L-Methone, 4.95% of Menthyl Acetate, 4.35% of Iso-Menthone, 4.79% of Mentha Furan, and 
5.76% of Cineol. The aroma strength was justified by two random participants until they could smell the peppermint 
[14].  
Electroencephalograph (EEG) was utilized to get brainwave data to monitor participants’ alertness level. EEG by 
Emotiv with gold electrodes was chosen, because of the flexible and portable feature. Brainwave data transmission 
was conducted wirelessly with a receiver mounted on the laptop. Two area of the frontal lobe, i.e. F3 and F4, were 
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chosen to show consciousness and alertness function, and monitored continuously while driving. Each of the 
electrodes was referenced and grounded to the ear lobes (A1 and A2). The sampling frequency was 128 Hz. 
The car-driving simulator used in the study was built in a real Toyota Innova, using additional apparatus. There was 
a software displayed highway condition in a close-loop circuit in front of the car. More detail discussions about the 
hard and soft apparatus as well as its usability component are available in [15]. 
2.3. Data collection procedure 
In order to investigate the effectiveness of the peppermint, driving condition under peppermint fragrance exposure 
needed to be compared with non-fragrance condition, called placebo. Applying within subject design, two experiments 
were carried out to examine the difference between placebo and peppermint fragrance effect on drivers’ alertness. A 
counterbalancing (also known as ABBA method) was applied in treatment sequence setting to minimize bias. Each 
experiment was carried out at night, started at 11 pm, to ensure decrement in participants’ alertness. Placebo and 
peppermint fragrance was released continuously using electric vaporizer.  
Alertness level was monitored via brainwave activity using electroencephalograph (EEG) along 30 minutes of 
driving. The brainwave measured were theta (4-8 Hz), alpha (8-13 Hz), and beta (13-30 Hz). These waves were chosen 
to show active condition (beta wave), as well as drowsiness, eyes closed, and sleepy situation (alpha and theta waves). 
Comparison of these waves as (D+T)/E ratio were then computed to measure the participants' level of alertness, as 
practiced by [15]. 
 
 
Fig. 1. Electronic vaporizer aroma. 
2.4. Data processing procedure 
Brainwave data processing was executed using Matlab 7.8.0 in order to sort through the raw waves of EEG. 
Treatment with the software performed consecutively to exclude artifacts and noise, normalize the data, perform data 
transformation from time-based to the frequency-based using Fast Fourier Transform algorithm, and calculate the 
Power Spectral Density (PSD) of each wave per one minute of observation. Ratio (D+T)/E were then calculated for 
each participant, and continued with statistical test using SPSS 15.0 software. The test was performed in slope data 
using paired Student’s t-test to evaluate the difference of placebo and peppermint effect on the ratio. 
 
3. Result and discussion 
3.1. Data collected 
Brainwave was monitored on theta, alpha, and beta waves, as stated before. Ratio of (D+T)/E was then calculated 
for each 60 s duration. Fig. 2 shows an example of the calculated ratio for one participant.  
Slopes were then calculated for both data in placebo and peppermint environment. Linear regression was applied 
to compute the value. This number illustrates the changes in alertness level. An increment in the ratio, showed by 
positive slope, implies decrement in alertness. 
Slope of the PSD of each wave for each participant mostly indicates an increment in alpha, theta, and beta, as shown 
in Fig. 3. Slope of (D+T)/E ratio in Fig. 4 also mainly shows positive value, denotes an increase in the ratio from time 
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to time. This increment, however, suggest an alertness decrease or more sleepy/fatigue circumstances. Such condition 
might be because of the experiment carried out at night when circadian rhythm is commonly on lowest position (sleepy 
condition). Further analyses should take into account to check whether the peppermint exposure could prevent 
alertness decrement better than non-fragrance situation. Hereafter, further analyses take all participants into account. 
 
 
Fig. 2. Example of data collected for participant number 1. 
 
 
Fig. 3. Slope of alpha, theta, and beta waves for each participant. 
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Fig. 4. Slope of (D+T)/E ratio for each participant. 
3.2. Comparison result 
Comparison of mean slope of (D+T)/E ratio of all participant is shown in Fig. 5. The two-tailed paired t-test was 
resulted in 0.216 significance level (t = -1.313, df = 11). It indicates no significant difference between the two 
conditions, which infers that both placebo and peppermint generate almost similar effect to the drivers.  
Nonetheless, lower mean of the slope ratio was found when participants exposed by peppermint, compared than 
placebo situation (0.018 vs. 0.026). Lower value of (D+T)/E ratio denotes higher level of alertness. Hence, this 
comparison indicates that peppermint fragrance is somewhat effective to maintain drivers’ alertness. 
Aroma stimulus is effective because it has a direct effect to the central nervous system in humans, as stated by 
[17]. The research found that there were changes in the brain wave pattern when given aroma. Lower slope ratio 
denotes decrease in alpha and theta waves, as well as increase in beta wave. Similarly, according to [18], 
peppermint fragrance exposed when doing something monotonous work provides increased beta waves in the 
brain significantly, because it stimulates the brain to remain active and vigilant.  
However, result indicates that peppermint is effective to be applied as in-vehicle fragrance, as it ends up in higher 
state of drivers’ alertness, although the difference with non-fragrance situation was not significant. The minor 
difference between the two conditions is possibly affected the exposure method of the fragrance. In this study, 
peppermint fragrance was given continuously during the driving. In addition, [10], [11], and [19] also administered 
continuous method of contact. Moreover, other researches applied intermittent method, such as [9] and [13]. This 
method can be employed as an alternative in exposing the peppermint inside drivers’ cabin. 
Other interesting issue to be tested in the future is duration of exposure. This study only monitor the first 30 minutes 
after continuous contact of fragrance, adapted from [13]. Less dosage could result in nothing, whilst longer exposure 
might end up in drivers’ immunity. With intermittent method of exposure, ones must make sure that the duration still 
results in alertness rise. 
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Fig. 5. Comparison of (D+T)/E ratio between placebo and peppermint exposure. 
Since it was proven to be somewhat effective, peppermint application as in-vehicle fragrance will be valuable to 
transportation authority and public as well to help minimizing traffic accident risk that related to drivers’ fatigue and 
sleepiness. Further research can be conducted to test various method of fragrance exposure to get higher increase of 
alertness level. 
4. Conclusion 
Peppermint, as one of passive stimulus on sleepiness/fatigue, is promising to be applied as in-vehicle fragrance to help 
maintain drivers’ alertness. The effectiveness was shown by higher alertness level produced in the peppermint 
exposure, although the difference was not significant compared to non-fragrance situation. More substantial increase 
of alertness level might be obtained by applying different method of fragrance exposure in the future study. 
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